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System for sealing a space between an inner wall of a tubular opening and at least one tube

or duct at least partly received in the opening

(57) A system for sealing a space between an inner
wall (4) of a tubular opening (6) and at least one tube or
duct (8) at least partly received in the opening such that
a longitudinal direction of the opening and a longitudinal
direction of the at least one tube or duct are substantially
parallel to each other, wherein the system comprises at
leasttwo segmental longitudinal parts (10a;10b) for form-
ing a plug which can be received in said space and at
least two pressure plates (12b,12f) for sandwiching the
plug (14) and pressing the longitudinal parts in the lon-
gitudinal direction for sealing said space, wherein the lon-
gitudinal parts (10a,10b) are each of an elastically de-
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formable material and are each provided with an outside
that comprises a plurality of outer ribs (16) having the
tops spaced apart in a longitudinal direction for realizing,
in use, annular contact surfaces between the sealing plug
and the inner wall of the opening, and wherein each of
the longitudinal parts is provided with an inside compris-
ing a plurality of inner ribs (22) having tops spaced apart
in a longitudinal direction for realizing, in use, annular
contact surface between the sealing plug and the at least
one tube or duct (8), wherein in the longitudinal direction
the tops of the outer ribs (16) and the tops of the inner
ribs (22) have alternate positions with respect to each
other.
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Description

[0001] The invention relates to a system for sealing a
space between an inner wall of a tubular opening and at
least one tube or duct at least partly received in the open-
ing such that a longitudinal direction of the opening and
a longitudinal direction of the at least one tube or duct
are substantially parallel to each other, wherein the sys-
tem comprises at least two segmental longitudinal parts
for forming a plug which can be received in said space
and at least two pressure plates for sandwiching the plug
and pressing the longitudinal parts in the longitudinal di-
rection for sealing said space, wherein the longitudinal
parts are each of an elastically deformable material and
are each provided with an outside that comprises a plu-
rality of outer ribs having tops spaced apart in a longitu-
dinal direction for realizing, in use, annular contact sur-
faces between the sealing plug and the inner wall of the
opening, and wherein each of the longitudinal parts is
provided with an inside comprising a plurality of inner ribs
having tops spaced apart in a longitudinal direction for
realizing, in use, annular contact surfaces between the
sealing plug and the at least one tube or duct.

[0002] A tubular opening as referred to hereinabove
may comprise a tubular passage in a floor, deck, wall or
partition. Such a tubular opening may also be referred to
as a transit. A tubular opening may also be part of a tube
in which another tube is at least partly received.

[0003] Substantially parallel is, in any case, also un-
derstood to mean a situation in which the axis of the open-
ing and the axis of the tube or duct received in the opening
include an angle of about five degrees.

[0004] A system as mentioned in the introduction will
mainly be used in situations where a pipe passes through
a dividing wall and where it is desired that the pipe is
fixated where it passes through that wall. One could think
of gas or water pipes that enter a building. The system
can also be used where heavy cables, such as power
cables, are passed through a wall.

[0005] A system as mentioned in the introduction may
also be used, for instance, for connecting two tubes with
each other so that a fluid can flow through. Such tubes
may be used for, for instance, transport of water, gas,
oils, liquid chemicals, etc. A space located between co-
axial and overlapping parts of the tubes can then be
sealed with a system as described hereinabove. Itis also
possible that cables for, for instance, telephone, electric-
ity and television are fed through such tubes connected
with one another.

[0006] Another possibility is using the system as a
sealing between cables and pipes and protective tubes
as used under roads. The system will prevent mud en-
tering the protective pipe and ensures fixation of the cable
or pipe at the entrance of the protective pipe. The latter
is advantageous in situations where the ground is sinking
and the cable or pipe would without the system be
pressed against the protective pipe, rather than experi-
ence protection from the protective pipe. Such a system
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may also be used in walls of buildings, in particular foun-
dation walls and floors but also roofs where, by means
of plastic tube parts, passages are left open in the poured
concrete. Tubes for water or gas, or cables can then be
fed through those open passages. Of course, a passage
may also be provided in a concrete plate with the aid of
a boring method. The space between the duct and the
innerwall of the borehole may later be sealed by a system
as described above.

[0007] The system as described above can also be
used in a construction of new buildings and in the con-
struction and maintenance of ships and offshore instal-
lations. Sections in such constructions are usually formed
by placing prefabricated partitions according to a prede-
termined plan in the dock of the shipyard. Even before
the partitions are placed, feed-through tubes can be pro-
vided in the partitions, for instance with the aid of a weld-
ing method. After the duct is fed through a feed-through
tube, the system described in the introduction can be
provided for sealing the space between the inner wall of
the feed-through tube and the feed-through duct. The
sealing plug thus formed then ensures that the movement
of the fed-through duct with respect to the feed-through
duct by deformation of the partition during, for instance,
afire, is minimized due to the fixation effect of the system.
The sealing plug further has a vibration-absorbing func-
tion so that fatigue symptoms are avoided. The sealing
plug is further sound-insulating. In addition, a thermal
insulation may be obtained, especially when air is locked
in a feed-through tube between two of such plugs. It is
further possible that the feed-through tube and the duct,
cable or tube fed through it are manufactured from dif-
ferent metal-comprising materials.

[0008] The annular space between an inner wall of a
tubular opening and at least one tube or duct is herein
below often simply referred to as "the space". Inserting
the longitudinal parts into the space, is often simply re-
ferred to as "inserting".

[0009] Asystemasdescribedinthe introductionis pro-
duced by the applicant and works satisfactorily. When
the system is inserted into the space and the pressure
plates sandwich the plug and press the longitudinal parts
in the longitudinal direction, the elastically deformable
parts deform such that the inner and outer ribs touch
respectively, the inner wall of the opening and the tube
or duct. The annular contact surfaces are formed and a
sealing is provided.

[0010] A problem of this system is that a further press-
ing of the pressure plates towards each other does not
consistently result in the possibility of sealing the space
between the inner wall of the tubular opening and tube
or duct in a situation where dimensions of the tubular
opening and/or the tube or duct are different from the
expected dimensions. In other words, "bridging" a larger
tolerance in the diameter of the opening and/or bridging
a larger tolerance in the diameter of the tube or duct is
not satisfactorily possible. On further pressing the pres-
sure plates toward each other, the longitudinal segmental
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parts become irreversibly deformed, often making reuse
of the system impossible.

[0011] Itis an object of the invention to solve, at least
to some extent, at least one of these problems.

[0012] This object is achieved by a system that is ac-
cording to the preamble of claim 1 and that is further
characterized in that in the longitudinal direction tops of
the outer ribs and tops of the inner ribs have alternate
positions with respect to each other.

[0013] As the inner and outer tops alternate, rather
than being for instance opposite to each other, an ex-
pansion of the longitudinal parts in the transverse direc-
tion is facilitated. Transverse expansion of the outer ribs
is not compromised by transverse expansion of an inner
rib and vice versa. Accordingly, the expansion in the
transverse direction is to a much larger extent than the
extent to which expansion occurs when the inner ribs and
outer ribs are opposite each other. This enables the sys-
tem to still seal off the space between the inner wall of
the tubular opening and the tube or duct, even when the
diameter of the opening is somewhat larger than expect-
ed and the diameter of the tube or duct is somewhat
smaller than expected. Bridging a larger tolerance of the
opening is now possible without irreversibly deforming
the longitudinal parts. One system can be used for seal-
ing of a space within a relatively large range of dimen-
sions.

[0014] The system is due toits inner and outer side as
profiled according to the invention designed to "transfer"
longitudinal compression into enormous transverse ex-
pansion of the ribs, unlike the systems, known in the art,
having, for instance, unprofiled inner and outer sides,
where the elastic material is not facilitated to expand
transversely as expansion of the inner and the outer side
is inhibited by respectively the outer side and the inner
side.

[0015] Also note that upon longitudinal compression a
transverse pressure is distributed over the tops of the
various ribs unlike the way transverse pressure is distrib-
uted over the whole outer side and inner side when an
unprofiled plug is used.

[0016] Although the system will fixate the tube, duct or
pipe in the tubular opening, the ribs, and in particular their
mutual positions, allows the system still to maintain an
elastic response to slight longitudinal movements and
slight transverse movements of the tube, duct or pipe.
The mutual positions of the ribs, thus allowing for little
displacements, also reduces the likelihood that the tube,
duct or pipe is subjected to the actual load provided by
the pressure plates. This reduces the chance of creep-
related decrease of the outer diameter of a plastic fed-
through pipe. Also, when the diameter of the pipe, tube
or duct reduces over time somewhat due to pressure
exerted on it, the systemis very unlikely to need repeated
pressing of the pressure plates towards each other to
maintain its sealing integrity. The system will still be able
to absorb vibrations, in any case to a much greater extent
than a system having an unprofiled plug.
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[0017] Another advantage of a system according to
the inventor is that the system can be sold with an indi-
cation of the "tolerances" in the diameters of respectively
the tubular opening and the tube or duct. It will be clear
to any skilled reader that the "tightness", expressed as
the pressure needed to remove the system outwards of
the opening, is dependent on the actual deviations in
these diameters and the applied longitudinal compres-
sion of the plug. It is possible to obtain all these relation-
ships documented prior to use of the system so that a
user can make a well-informed decision to apply the sys-
tem for a particular situation.

[0018] Another advantage of a system according to
the invention is the possibility of reduced inventory con-
trol, given the applicability of the system for a number of
different combinations of diameters of respectively the
opening and the tube or duct.

[0019] In an embodiment of a system according to the
invention, the inner ribs are adjacent each other and/or
the outer ribs are adjacent each other.

[0020] This allows for a high density of ribs per unit of
length of the longitudinal parts. The larger the number of
ribs per unit of length, the better the sealing performance
of the system. In other words, the system can sustain
exposure to a much higher pressure difference between
the pressure on one side of the tubular opening and the
other side of the tubular opening before it starts leaking
or before it is being removed out of the opening due to
the pressure difference.

[0021] In an embodiment at least one of the inner ribs
and/or at least one of the outer ribs is symmetrical. This
has the advantage that there is no unequal deformation
of the respective inner ribs and/or outer ribs when the
ribs move in the transverse direction against the inner
wall of the opening, and the at least one tube or duct,
respectively. An unequal deformation would introduce a
high concentration of stress which in the long term may
lead to permanent deformation.

[0022] In an embodiment of a system according to the
invention at least one of the tops is provided with an abut-
ting surface that extends in the longitudinal direction. This
ensures that even with the smallest of transverse expan-
sion on pressing the longitudinal parts in the longitudinal
direction, a substantial annular contact surface between
the sealing plug and the inner wall of the opening is pro-
vided. When it applies to the innerrib, at least a substan-
tial annular contact surface between the sealing plug and
the at least one tube or duct is provided. As soon as
contact is established, sealing rings are formed.

[0023] In an embodiment of a system according to the
invention, at least one rib having an abutting surface is
on either side of that abutting surface further provided
with a sloped surface that extends away from the abutting
surface. This ensures that when the longitudinal parts
are pressed in the longitudinal direction and the respec-
tive rib moves into the transverse direction, it is possible
that the annular contact surface will grow in terms of its
width. The width is in this context a dimension that is
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parallel to the longitudinal direction.

[0024] In an embodiment of a system according to the
invention at least a part of the sloped surface encloses
an angle with a transverse direction of the segmental
longitudinal part such that bending of the respective rib
is substantially inhibited. This has the advantage that
when the respective rib is in contact with either the inner
wall of the opening or the surface of the at least one tube
or duct, and the longitudinal parts are further pressed in
the longitudinal direction, sliding of the rib along the sur-
face to which it abuts, will not weaken the seal provided
by the annular contact surface due to bending of the rib,
but will continue to form a very stable annular contact
surface and therefore a very stable seal. In other words,
the plug’s inner profile is such that the plug will glide over
the surface of the tube or duct when insertion takes place
and when the pressure plates are pressed towards each
other.

[0025] The inventor has found that such an angle is
available between 60 and 80 degrees. The inventor has
found that an even better performance with respect to
resistance against bending, and a higher possible
number of ribs per unit of length along the longitudinal
part is achievable when the angle lies between 65 and
77 degrees. Very good sealing performance is found
when the angle lies between 70 and 75 degrees. At such
an angle an optimum is found in terms of possible trans-
verse expansion, number of ribs per unit of length and
resistance against bending of the rib.

[0026] In an embodiment of a system according to the
invention the slope of the sloped surface is substantially
constant from the abutting surface up to a point where it
meets its sloped surface of an adjacent inner rib. This
has the advantage that a simple relationship exists be-
tween the distance over which the longitudinal parts are
pressed and the growth of the width of the annular contact
surfaces that provide the sealing. The predictability of
the performance of the system is therewith enhanced.
[0027] In an embodiment of a system according to the
invention all inner ribs and/or all outer ribs are substan-
tially identical. As a consequence thereof, the longitudinal
parts will be deformed very homogeneously when the
pressure plates move to each other under the influence
of the pressure applied in the longitudinal direction. High
concentrations of stress are avoided, contributing to a
long lifetime of the longitudinal parts and reversibility of
the deformation. Energy needed for pressing the longi-
tudinal parts is efficiently used to optimise the sealing.
[0028] In an embodiment of a system according to the
invention, the system comprises a number of transport
guiders for guiding the longitudinal parts in the longitudi-
nal direction when pressure is applied in that direction
and wherein each of the longitudinal segmental parts and
at least one of the pressure plates is provided with a
through hole having an axial direction extending in the
longitudinal direction for fittingly receiving one of the
transport guiders so that the transport guiders can extend
from one of the pressure plates to the other pressure
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plate when sandwiching the longitudinal parts, wherein
a middle section of each transport guider is provided with
a smooth surface and one or both ends of each transport
guider is provided with a threaded external surface.
[0029] The transport guiders guide the compression
of the longitudinal segmental parts in the longitudinal di-
rection. As the transport guiders have a smooth surface
and extend through the through holes of the longitudinal
segmental parts, the sealing remains intact when the lon-
gitudinal segmental parts are being compressed and
slide along the guiders. Furthermore, as each transport
guider is at at least one end provided with a threaded
external surface, it is possible to apply the pressure in
the longitudinal direction by rotating the transport guider
whilstthe threaded end engages in an internally threaded
bore of a plate than can consequently apply pressure to
the longitudinal parts. Accordingly, the system does not
require any further pressure applying devices.

[0030] In an embodiment of the system according to
the invention at least one of the through holes of at least
one of the plates is provided with a threaded internal sur-
face for connectingly receiving a threaded external sur-
face of one of the transport guiders. Althoughiitis possible
to apply an additional nut, it is not necessary to apply
such an additional element. This allows for a relatively
easy instalment of the system with very few parts.
[0031] In asystem according to an embodiment of the
invention all the through holes of at least one of the plates
are provided with a threaded internal surface. In such an
embodiment it is possible that only the guiders them-
selves are rotated from one end of the system and pull
the plates together to sandwich the plug between the
plates.

[0032] In an embodiment of a system according to the
invention at least one of the pressure plates and/or at
leastone of the transport guiders comprises a hard plastic
surface. Contact between two metal parts, which are like-
ly to be slightly different in composition, does not need
to occur. This avoids the occurrence of corrosion, which
often hinders dismantling of the system. Furthermore,
should the pressure plates need to be pressed closer to
one another, the absence of corrosion would be useful.
[0033] In an embodiment of a system according to the
invention one of the pressure plates has a transverse
cross section that is larger than a transverse cross sec-
tion of the plug, even when the plug is pressed in the
longitudinal direction for sealing. This means that the re-
spective larger pressure plate, can itself not enter the
tubular opening. This larger pressure plate will abut the
outer rims of the tubular opening. When the pressure
plates are being pressed together, only the smaller pres-
sure plate, i.e. the one that fits in the tubular opening,
can move up towards the other pressure plate. This en-
sures that the larger pressure plate present at one side
of the system remains at a stable position when the sys-
tem is inserted and applied such that a sealing is provid-
ed. The positioning and accessibility of the system is with
such an embodiment predictable, and as such of benefit
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to design and easy repair and maintenance work. It fur-
thermore means that the transit can actually have a re-
duced length, as the length is optimally used in the sense
that right at the entrance of the tubular opening the seal-
ing is applied. When such an embodiment is applied on
either side of a tubular opening, it is even possible to
reduce the pressure of the gas locked in between those
two systems. An increase of pressure of this gas trapped
between the two systems, does not directly result in a
superatmospheric pressure as the gas between the two
systems had from the outset a subatmospheric pressure.
[0034] Further, when the axial direction of the tubular
opening has a vertical component, the system cannot fall
through the opening when the larger plate is applied at
the upper side of the opening.

[0035] The invention is further related to a tubular
opening having at least one tube or duct, at least partly
received in the opening such that a longitudinal direction
of the opening and a longitudinal direction of the at least
one tube or duct are substantially parallel to each other,
wherein an angular space between an inner wall of the
tubular opening and the at least one tube or ductis sealed
on either side and when the sealing is on at least one
side provided by a system according to any of the em-
bodiments described above.

[0036] Theinventionis furtherelucidated by describing
examples with the aid of a drawing. In the drawing:

Fig. 1 shows a part-exploded perspective view of an
embodiment of a system according to the invention
in use;

Fig. 2 shows schematically a partial cross section of
a segmental longitudinal part of a system according
to an embodiment of the invention;

Fig. 3 shows schematically in more detail a part of
the cross section shown in Fig. 2;

Fig. 4 shows schematically and in partial cross sec-
tion an embodiment of a system according to the
invention as inserted but before sealing;

Fig. 5 shows the embodiment shown in Fig. 4 when
sealing;

Fig. 6 shows schematically an embodiment of a tu-
bular opening in which two embodiments of a system
according to the invention have been inserted;

Fig. 7 shows schematically a front part of an embod-
iment of a system according to the invention;

Fig. 8 shows schematically a front view of a part of
an embodiment of a system according to the inven-
tion wherein half a front plate and half a back plate
are shown by dashed lines;
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Fig. 9 shows in more detail a part of an embodiment
of a system according to the invention;

Fig. 10 shows a view of the part shown in Fig. 9in a
direction of arrow A.

Fig. 11 shows schematically an embodiment of a tu-
bular opening in which two embodiments of a system
according to the invention have been inserted.

[0037] Inthe drawings like parts are provided with like
references.
[0038] Fig. 1 shows a part-exploded perspective view

ofatubular opening 6 in a partition or divider 3 that divides
two compartments | and Il. A tube, pipe or duct 8 is re-
ceived in the opening 6 and extends in a longitudinal
direction of the opening 6. For sealing a space 2 between
an inner wall 4 of the tubular opening 6 and the tube, pipe
or duct 8 a system 1 is employed. The system 1 com-
prises two segmental longitudinal parts 10a, 10b that to-
gether can form a plug which can be received (as shown)
in such a space 2. System 1 further comprises pressure
plates 12f, 12b for sandwiching the plug and pressing
the longitudinal parts 10a, 10bin the longitudinal direction
for sealing space 2. Both the pressure plate 12f at the
"front" of the opening and the pressure plate 12b at the
"back" of the opening comprise multiple parts allowing
for collaring a pipe, tube or duct extending through the
opening. The longitudinal parts will further be discussed
with reference to Fig. 2 and Fig. 3.

[0039] Fig. 2 shows one of the segmental longitudinal
parts 10a, 10b, a view seen when viewing the inside of
the segmental longitudinal part 10a, 10b. The upper part
of Fig. 2is enlarged shown in Fig. 3. The upper and lower
part are each a view of a cross section that is taken along
the longitudinal direction of the longitudinal segmental
part. The part that in Fig. 2 is shown between the two
cross sections is a part of the segmental part that is in
use pressed against the pipe, tube or duct 8. The longi-
tudinal parts 10a, 10b are each of an elastically deform-
able material, typically rubber. Each of the segmental
longitudinal parts 10a, 10b is provided with an outside
14 that comprises a plurality of outer ribs 16 having tops
18 spaced apart in the longitudinal direction for realizing,
in use, angular contact surfaces between the sealing plug
and the inner wall 4 of the opening 6. Each of the longi-
tudinal parts 10a, 10b is also provided with an inside 20
comprising a plurality of inner ribs 22 having tops 24
spaced apart in the longitudinal direction for realizing, in
use, angular contact surfaces between the sealing plug
and the pipe, tube or duct 8. In Fig. 3 the longitudinal
direction is indicated by the arrows L. Seen in the longi-
tudinal direction L, the tops 18 of the outer ribs 16 an the
tops 24 of the inner ribs 22 have alternate positions with
respect to each other. As shown in both Fig. 2and 3 it is
also possible that the inner ribs 22 are adjacent to each
other. Also the outer ribs 16 may be adjacent to each
other. Furthermore, the inner ribs 22 may be symmetrical
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and also the outer ribs 16 may be symmetrical with re-
spect to a transverse direction. Although it is possible
that these geometries apply to only one of the inner or
outer ribs 22, 16, it is preferable that these geometries
apply to all the inner ribs 22 and outer ribs 16.

[0040] As shown in Fig. 2 and 3 it is also possible that
atleast one of the tops 18, 24 is provided with an abutting
surface that extends in the longitudinal direction L. The
ribs 16, 22, having an abutting surface, may on either
side of that abutting surface further be provided with a
sloped surface S that extends away from the abutting
surface.

[0041] At least a part of the sloped surface S may en-
close an angle o with a transverse direction T of the seg-
mental longitudinal part 10a, 10b such that bending of
the respective rib 16, 22 is substantially inhibited. The
angle a may be between 60 and 80 degrees, is however
preferably between 65 and 77 degrees, and even more
preferably between 70 and 75 degrees. The optimal an-
gle may be dependent on the hardness of the rubber,
and may be found by routine experiments by one skilled
in the art.

[0042] The slope of the sloped surface S is substan-
tially constant from the abutting surface up to a point D
where it meets the sloped surface of an adjacent rib 16,
22. Note that the sloped surfaces S of the inner ribs 22
and the sloped surface S of the outer ribs 16 are in a
transverse direction T opposite each other. Also note that
the meeting point D of the sloped surfaces S of two ad-
jacentribs is in the transverse direction T opposite a top
18, 24.

[0043] Itis furthermore pointed out that the sloped sur-
faces S may be substantially the same. In fact, it is pos-
sible that all inner ribs 22 and/or all outer ribs 16 are
substantially identical.

[0044] The two outer ribs 28, of which one is disposed
at one end of the longitudinal part and one is disposed
at the other end of the longitudinal part, have each a
volume that is more than half the volume of an outer rib
that lies between those outer ribs 28. The abutting sur-
face at the tops of these outer ribs 28 extend in a longi-
tudinal direction L up to a length that is almost as long
as the length in the longitudinal direction of each of the
abutting surfaces that lie between those outer ribs 28. In
this example, there are five complete inner ribs and four
complete outer ribs.

[0045] The description of the longitudinal parts of
which detailed views are shown in Fig. 2 and 3 applies
to the longitudinal parts when not in use, i.e. when not
pressed into the longitudinal direction L.

[0046] For a further description of an embodiment of
a system according to the invention, reference is made
to Fig. 4 and 5.

[0047] Fig. 4 shows schematically in cross section of
an embodiment of a system according to the invention
as inserted in a tubular opening 6. A tube, pipe or duct 8
is received in the opening 6 such that the longitudinal
direction of the opening 6 and the longitudinal direction

10

15

20

25

30

35

40

45

50

55

of the tube, pipe or duct 8 are substantially parallel to
each other. An embodiment of a system according to the
invention as shown in Fig. 4 comprises a number of trans-
port guiders 30 for guiding the longitudinal parts 10a, 10b
in the longitudinal direction L when pressure is applied
in that direction. In this embodiment each longitudinal
segmental part 10a, 10b is provided with a through hole
32 as shown in dashed lines in Fig. 2 and 3. The through
hole 32 has an axial direction that runs parallel to the
longitudinal direction L for fittingly receiving one of the
transport guiders 30 so that the transport guiders 30 can
extend from one of the pressure plates 12f, 12b to the
other pressure plate 12f, 12b when sandwiching the lon-
gitudinal parts 10a, 10b. The middle section of this trans-
port guider 30 is provided with a smooth surface. One
end 36 of the transport guider 30is provided with a thread-
ed external surface. The other end may be provided with
a grip 40 for rotating the transport guider around its axis.
The middle section extends between the grip 40 and the
end that has a threaded external surface. The pressure
plate 12b is provided with through holes 38 so that these
can be lined up with the through holes 32 in the longitu-
dinal parts and that the transport guider 30 can extend
through both through holes 32, 38.

[0048] Inthe embodiment shown in Fig. 4 the pressure
plate 12 has through holes 39 which are provided with a
smooth internal surface.

[0049] The pressure plates of the embodiments shown
in Fig. 4 and 5 are not identical. The pressure plate at
the "front", pressure plate 12f has a transverse cross sec-
tion that is larger than a transverse cross section of the
plug, even when the plug is pressed in the longitudinal
direction for sealing. This means that the front pressure
plate 12f does not fit in a tubular opening 6 which is in-
tended to be sealed off by the system. As a consequence
thereof the front pressure plate 12f will remain outside
the tubular opening 6 and will abut the circumferential
front of that tubular opening.

[0050] Inthe embodiment shown in Fig. 4, each trans-
port guider 30 is provided with a grip 40 that in use re-
mains outside the tubular opening 6 and on a side of the
pressure plate 12f that is opposite the side that abuts the
segmental longitudinal part 10a, 10b.

[0051] The dimensions of at least pressure plate 12b
is such that the plate can freely move in a longitudinal
direction between the tube 8 and the inner wall 4 of the
tubular opening 6. Preferably as much rubber as possible
is "covered" by a plate to apply the pressure homogene-
ously over the plug and to avoid that part of the rubber
is squeezed out of an annular slit between the plate and
the inner wall 4 and the tube 8 respectively. The plates
12f, 12b may be provided with rims that are rounded off
to avoid cutting into the rubber.

[0052] The embodiment shown in Fig. 4 works as fol-
lows. After insertion of the system so that a situation is
reached which is schematically depicted in Fig. 4, the
transport guiders are rotated around their axis by rotating
the grip 40. The threaded end 36, fittingly received in
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threaded bores of pressure plate 12b, ensures that during
the rotation of the transport guiders the pressure plate
12b is moved towards the pressure plate 12f. The seg-
mental longitudinal parts 10a, 10b sandwiched between
the pressure plates 12f, 12b are as a consequence there-
of pressed into the longitudinal direction L. The inner tops
24 and the outer tops 18 form annular contact surfaces
between the sealing plug (formed by the segmental lon-
gitudinal parts 10a, 10b) and the inner wall 4 of the open-
ing 6. Also the inner tops 24 will at some stage form an
annular contact surface between the sealing plug
(formed by the segmental longitudinal parts 10a, 10b)
and the tube, pipe or duct 8. This is shown in Fig. 5.
[0053] It will be understood that a system according to
theinvention can be used for sealing the space 2 between
an inner wall 4 of a tubular opening and the pipe, duct or
tube 8, to a certain extent independent of the diameter
of the pipe, tube or duct 8 and the diameter of the tubular
opening 6. For example, the system optimally designed
for sealing a space 2 between an inner wall of a tubular
opening 6 having a diameter of 110 mm and a pipe, tube
or duct having a diameter of 60 mm, can for instance also
be used for filling a space 2 between an inner wall of a
tubular opening 6 having a diameter of 107-112 mm and
a pipe, tube or duct 8 having a diameter of 55-60 mm.
The longitudinal parts for such a system are schemati-
cally shown in a partial cross section in Fig. 2. The thick
black lines show possible transverse positions of the in-
ner tops 24 and outer tops 18 after pressing the pressure
plates 12f, 12b together as explained hereabove.
[0054] Itis possible that the pressure plates 12f, 12b
comprise a hard plastic surface. This would avoid the
occurrence of corrosion which often leads to an undis-
mantable system. It is in fact possible that the complete
pressure plate 12f, 12b is made of a hard plastic. It has
further turned out to be possible to even produce the
transport guider 30 out of such a hard plastic. Suitable
hard plastics are polyetherimide (PEI) or, alternatively,
polyethersulfonimide (PES).

[0055] Fig. 6 shows schematically a cross section of a
tubular opening 6 having a tube, pipe or duct 8 received
in the opening 6 such that the longitudinal direction of
the opening 6 and the longitudinal direction of the tube,
duct or pipe 8 are substantially parallel to each other. An
annular space between the inner wall 4 of the tubular
opening 6 and the pipe, tube or duct 8 is sealed on either
side by an embodiment of a system according to the in-
vention. It is pointed out that once the outer tops 18 and
the inner tops 24 form the annular contact surfaces with
respectively the inner wall 4 of the tubular opening 6 and
the surface of the pipe, tube or duct 8, the air trapped
between those two systems in airlock AL, a further pres-
surized sandwiching of the longitudinal parts 10a, 10b
will in this particular embodiment result in a reduction of
the air pressure of the air in the airlock AL. The further
pressure plate 12b is pressed in the direction of pressure
plate 12f of the very same system, the further the pres-
sure in airlock AL reduces. This contributes to the tight-
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ness of the respective sealing systems in the tubular
opening 6. Furthermore, when due to a temperature in-
crease the pressure in the airlock AL increases, the in-
crease in pressure will not straight away result in a su-
peratmospheric pressure as the original pressure before
the temperature increase would have been subatmos-
pheric.

[0056] Although the schematic embodiments depicted
in Figs. 4, 5 and 6 show that the pressure plate at the
front, pressure plate 12f, has the same thickness as the
pressure plate at the back, pressure plate 12b, it may be
possible that the pressure plate at the front, pressure
plate 12f, is actually much thicker or much thinner than
the pressure plate at the back, pressure plate 12b.
[0057] Ithas turned outthat a system as schematically
shown in Figs. 4, 5 and 6 can sustain pressures up to 8
bar and even higher. The system shown in Figs. 4, 5 and
6 can also be applied for sealing a space 2 between a
tubular opening 6 and a tube, pipe or duct 8 when one
or both of the tubular openings 6 and pipe, tube or duct
8 has a cross section that is not perfectly circular but is
for instance somewhat elliptical. It has turned out that a
system according to the invention can easily be removed
and replaced in either the very same tubular opening with
same pipe, tube or duct or a new pipe, tube or duct, or
in another tubular opening with dimensions that fall within
the range which can be covered when the system is sub-
jected to expansion.

[0058] Fig. 7 shows a front view of parts of an embod-
iment of a system according to the invention. This em-
bodiment is suitable for sealing the space 2 between the
inner wall 4 of a tubular opening 6 and four pipes, tubes
or ducts as received in the opening 6. The sealing plug
can be formed by four segmental longitudinal parts 50a,
50b, 50c, 50d. Also a part of front pressure plate 12f is
shown.

[0059] Fig. 8 shows schematically a front view of three
segmental longitudinal parts 60a, 60b, 60c, which togeth-
er form a plug that can seal up a space between the inner
wall 4 of a tubular opening 6 and three pipes, tubes or
ducts extending through the tubular opening.

[0060] Fig. 8 also shows in dashed lines the contours
of half a back pressure plate 12b and of half a front pres-
sure plate 12f. Ideally the pressure plates cover almost
all the rubber.

[0061] Fig. 9 shows a transport guider 30 in more de-
tail. The middle section 34 is provided with a smooth sur-
face and one end 36 is provided with a threaded external
surface. A grip 40 is provided at the other end of the
transport guider 30. From the grip the guider tapers into
the middle section of the transport guider 30. The grip 40
may be a bolt head.

[0062] Fig. 10 shows the transport guider of Fig. 9 as
viewed in the direction of arrow 4.

[0063] The front pressure plate 12f may be provided
with a through hole 38 having a cone-shaped opening
for fittingly receiving the tapered connection transport
guider 30. An embodiment of a system according to the
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invention having such a transport guider and such a
through hole opening is less prone to being damaged,
especially when the transport guider and the pressure
plate are fabricated out of a hard plastic, such as poly-
etherimide (PEI) or polyethersulfonimide (PES). The fab-
rication process may involve moulding and/or machining.
[0064] Fig. 11 shows schematically a cross-section of
a tubular opening having on both ends an embodiment
of a system according to the invention inserted. Each of
those systems comprises two sets of at least two seg-
mental parts for forming the plugs P1, P2. Each of the
systems further comprises three pressure plates 12f,
12b, 12c for sandwiching the at least two plugs P1, P2
such that one of the pressure plates 12c¢ is situated be-
tween the two plugs P1, P2. The transport guiders 30
extend through through holes from the front pressure
plate 12f to back pressure plate 12b via a through hole
in pressure plate 12c. Some of the transport guiders are
provided with a threaded external surface in a middle
section of the guider for engagement with a threaded
internal surface of a through hole in the middle pressure
plate 12 c. Other transport guiders are as described
where the embodiment shown in Fig. 4 and 5 is dis-
cussed.

[0065] It will be clear that the longitudinal parts of the
plug P1 and the longitudinal parts of the plug P2 can
independently of each other be compressed in the lon-
gitudinal direction. An advantage is that the system can
then be much longer without the need to apply very high
forces to each of the screws which act both as transport
guider and as drivable means for applying the pressure
to compress the longitudinal parts. It will be clear that the
system can thus be a modular system that not only can
provide a very good tightness of the sealing but also a
system that can accommodate for different diameters of
one or both of the tubular opening and the tube or duct
along the longitudinal direction. The larger the diameter
of the pressure plates, the more plugs can be included
in the system as the larger pressure plates allow for more
transport guiders, so that each plug can be pressurized
by its own set of screws that pressure the respective plug.
[0066] The invention is by no means limited to the em-
bodiments shown in the drawings and described herein-
above. Many variations are possible. Although it is pre-
ferred that both pressure plates and transport guiders
are fabricated from a plastic material to avoid corrosion
in corrosive environments, it is of course equally possible
that the transport guiders and/or the pressure plates are
fabricated from a metal. Although it is preferred that the
back pressure plate 12b is provided with a through hole
having an internal threaded surface, and the transport
guider itself is provided with at one end a threaded ex-
ternal surface and on the other hand a grip, it is equally
possible that a combination of bolts and nuts is used. In
order to obtain a tubular opening that is in a longitudinal
direction as short as possible, it is preferential that the
outer ribs are adjacent to each other and that the inner
ribs are adjacent to each other. However, it is also pos-
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sible to spatially separate the outer ribs and to spatially
separate the inner ribs.

[0067] Those skilled in the art will find that many di-
mensions of the system can be engineered within the
framework of the invention. By routine experiments and
basic engineering calculations, it is possible to obtain a
system that expands much in transverse direction
through a reduction in longitudinal length, or design a
system with the opposite effect, i.e. a system with a small
transverse expansion per reduction of length in longitu-
dinal direction.

[0068] It will be understood that a longer length of the
longitudinal parts will allow for a larger number of ribs.
This, in turn, means that a higher pressure is needed to
move the system outside the tubular opening. In most
embodiments, only a higher pressure on the "backside"
(backplate 12b) of the system may result in moving the
system out of the tubular opening (due to the frontplate
12f abutting the circumferential outer rim of the opening).
[0069] In particular in a situation where both sides of
the opening are provided with such a system according
to an embodiment of the invention, the pressure between
the two plugs can only increase due to an increase of the
temperature of the air locked in between those plugs. As
already explained above, this air may have a subatmos-
pheric pressure, so that removal of any of the systems
seems only possible under very extreme conditions.
[0070] Asshownin Fig. 7 the pressure plate may have
contours to avoid contacting one of the pipes, tubes or
ducts. Itis also possible that the pressure plate extends
through the space available between the pipes, tubes or
ducts where a plurality of pipes, tubes or ducts is received
in the opening.

[0071] The elastic material employed for the produc-
tion of the segmental longitudinal parts, is preferably of
afire-resistant quality. The rubber may be designed such
that it expands upon exposure to elevated temperatures.
Itis also possible to use a silicon rubber. A suitable EPDM
may also be employed. The hardness may, for instance,
be 70 Shore A. Also an electrically conductive rubber is
among the possibilities. During the manufacture of the
longitudinal parts, use will usually be made of a mold
suitable for this purpose. Such a production process is
known per se. For instance, injection molding or com-
pression molding may be used.

[0072] Although, preferably, the system has a substan-
tially cylindrical design, a deviation from the shape is also
among the possibilities. Thus, the system can be de-
signed such that the system is suitable for tubular open-
ings which are quadrangular and/or rectangular. Embod-
iments suitable for multi-angular openings are not pre-
cluded either. Even embodiments for other non-circular,
such as for oval-shaped tube openings, are among the
possibilities. The same holds true for the suitability with
regard to cables, ducts or tubes to be fed through the
tubular opening.

[0073] As shown, for instance in Fig. 1, the pressure
plates will be composed of multiple segmental parts. In
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use, the positions where the parts meet each other, are
preferably chosen to be different from the positions where
the segmental longitudinal parts of the plug meet each
other. This enhances mechanical stability. It is also pos-
sible to have parts of one plate such that they overlap
each other.

[0074] The system can be designed such that, in use,
tubes and the like with a cross section deviating from the
circular shape can be enclosed by the system. If desired,
the skilled person will be able to adjust the dimensions
to the circumstances, within the scope of the invention.
[0075] These variations are all understood to fall within
the scope of the invention.

Claims

1. A system for sealing a space between an inner wall
of a tubular opening and at least one tube or duct at
least partly received in the opening such that a lon-
gitudinal direction of the opening and a longitudinal
direction of the at least one tube or duct are substan-
tially parallel to each other, wherein the system com-
prises at least two segmental longitudinal parts for
forming a plug which can be received in said space
and at least two pressure plates for sandwiching the
plug and pressing the longitudinal parts in the longi-
tudinal direction for sealing said space, wherein the
longitudinal parts are each of an elastically deform-
able material and are each provided with an outside
that comprises a plurality of outer ribs having the
tops spaced apart in a longitudinal direction for re-
alizing, in use, annular contact surfaces between the
sealing plug and the inner wall of the opening, and
wherein each of the longitudinal parts is provided
with an inside comprising a plurality of inner ribs hav-
ing tops spaced apart in a longitudinal direction for
realizing, in use, annular contact surface between
the sealing plug and the at least one tube or duct,
wherein in the longitudinal direction the tops of the
outerribs and the tops of the inner ribs have alternate
positions with respect to each other.

2. Asystemaccordingto claim 1, wherein the innerribs
are adjacent to each other and/or the outer ribs are
adjacent to each other.

3. Asystem according to claim 1 or claim 2, wherein at
least one of the inner ribs and/or at least one of the
outer ribs is symmetrical.

4. A system according to claim 1, 2 or 3, wherein at
least one of the tops is provided with an abutting
surface that extends in the longitudinal direction.

5. A system according to claim 4, wherein at least one
rib having an abutting surface is on either side of that
abutting surface further provided with a sloped sur-
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10.

11.

12.

13.

14.

face that extends away from the abutting surface.

A system according to claim 5, wherein at least a
part of the sloped surface encloses an angle with a
transverse direction of the segmental longitudinal
part such that bending of the respective rib is sub-
stantially inhibited.

A system according to claim 6, wherein the angle is
between 60 and 80 degrees, preferably between 65
and 77 degrees and even more preferably between
70 and 75 degrees.

A system according to claim 6 or 7, wherein the slope
of the sloped surface is substantially constant from
the abutting surface up to a point where it meets a
sloped surface of an adjacent rib.

A system according to any one claims 5-8, wherein
the sloped surfaces of inner ribs and the sloped sur-
faces of outer ribs are in a transverse direction op-
posite each other.

A system according to claim 8, wherein a meeting
point of sloped surfaces of two adjacent ribs is in a
transverse direction opposite a top.

A system according to any one of claims 5-10, where-
in the slopes of the sloped surfaces are substantially
the same.

A system according to any one of the previous
claims, wherein all inner ribs and/or all outer ribs are
substantially identical.

A system according to any one of the previous
claims, wherein the system comprises a number of
transport guiders for guiding the longitudinal parts in
the longitudinal direction when pressure is applied
in that direction and wherein each of the longitudinal
segmental parts and at least one of the pressure
plates is provided with a through hole having an axial
direction extending in the longitudinal direction for
fittingly receiving one of the transport guiders so that
the transport guiders can extend from one of the
pressure plates to the other pressure plate when
sandwiching the longitudinal parts, wherein a middle
section of each transport guider is provided with a
smooth surface and one or both ends of each trans-
port guider is provided with a threaded external sur-
face.

A system according to claim 13, wherein at least one
of the through holes of at least one of the plates is
provided with a threaded internal surface for con-
nectingly receiving a threaded external surface of
one of the transport guiders.
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16.

17.

18.

19.

20.

21.
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A system according to claim 14, wherein all the
through holes of at least one of the plates is provided
with a threaded internal surface.

A system according to claim 13 or 14, wherein at
least one of the pressure plates and/or at least one
of the transport guiders comprises a hard plastic sur-
face.

A system according to any one of the previous
claims, wherein one of the pressure plates has a
transverse cross section that is larger than a trans-
verse cross section of the plug, even when the plug
is pressed in the longitudinal direction for sealing.

A system according to any one of the previous
claims, wherein the system comprises at least two
sets of at least two segmental longitudinal parts for
forming at least two plugs, wherein the system fur-
ther comprises at least three pressure plates for
sandwiching the at least two plugs such that one of
the pressure plates is situated between the two

plugs.

A system according to claim 18, wherein the two
plugs are separately from each other pressable into
the longitudinal direction.

A tubular opening having at least one tube or duct
at least partly received in the opening such that a
longitudinal direction of the opening and a longitudi-
nal direction of the at least one tube or duct are sub-
stantially parallel to each other, wherein an annular
space between an inner wall of the tubular opening
and the at least one tube or duct is sealed on either
side and wherein the sealing is on at least one side
provided by a system as described in any one of the
previous claims.

A tubular opening according to claim 18, wherein
both sides of the tubular opening are provided with
a system as described in claim 17.
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